1,8-Diazafluoren-9-one (DFO) reacts with amino acids to produce a red fluorescent pigment whose fluorescence is enhanced by zinc ions. We report here the structure of the purple zinc complex, [Zn(C22H12Ns)(OH)(CH4-N20)(H20)].CHnN20, formed by this pigment. The ligand binds to zinc via three N atoms, and the other coordination sites in the distorted octahedron are occupied by H20, OH-and urea. The structure bears many similarities to analogous compounds prepared from ninhydrin.
Comment
The reagent 1,8-diazafluoren-9-one (DFO) is used in forensic investigations to detect latent fingerprints . DFO reacts with amino acids on paper and similar materials to produce a red pigment which fluoresces around 580-620 nm, depending on the exact conditions used. Treatment of this pigment on filter paper with a solution containing zinc salts leads to a slight increase in fluorescence (Canta et al., 1993) . The structure of the pigment has been inferred from solution NMR data and by analogy with related ninhydrin systems to be a symmetrical azomethine ylide or a protonated or deprotonated form thereof (Grigg et al., 1989 . Such a structure would have a tridentate binding site suitable for complexing to metal ions.
We have now confirmed that this structure, (I), occurs in the species formed when the pigment reacts with Zn II ions. The structure (Fig. 1) shows that the aza bridge is symmetric, rather than having localized double and single C--N bonds. The Zn H ion is six-coordinate and is bonded to three of the N atoms in the ligand, with the remaining zinc coordination sites being occupied by water, hydroxide and urea. Significant bond distances and angles are given in Table 1 . The central C--N---C angle [137.4(4) °] is slightly larger than the Grigg et al., 1989, Lennard et al., Studies of the Ruhemann's Purple derivatives have suggested that the fluorescence of such complexes is enhanced by a decrease in the dihedral angle between the two aromatic moieties. The dihedral angle observed here (5.1 °) is similar to that observed in the non-fluorescent Na[Zn(RP)C12][Zn(RP)CI(MeOH)] (6.5°; , but is smaller than that seen in the fluorescent [Cd(RP)I(H20)2].THF (19.5°; Lennard et al., 1987) , supporting the suggestion that other factors such as rigidity and ligand overlap also control the fluorescence . The similar dihedral angles for the two zinc complexes suggest that the Zn II ion is acting to keep the two halves of the ligands approximately coplanar. The rigid nature of each half of the ligand derived from DFO mean that any steric hindrance between the two halves can only be relieved by bending or twisting of the central CNC fragment.
The Zn---Ourea bond [2.226 (4) A,] is significantly longer than that seen in [Zn (H2NCONH2)2(CH3CO2)2] [Zn(C22H12N5)(OH)(CH4N20)(H20)]-CH4N20
(1.997 and 1.994.A; Yar & Lessinger, 1995) or [Zn-(H2NCONH2)6] 2+ (2.147, 2.073 and 2.019A; van de Giesen & Stam, 1972) , while the C--O---Zn angle of 125.0(3) ° is comparable to that seen in these two complexes, i.e. 128 The source of the urea is still under investigation, although the bond distances in the urea molecules and the extensive hydrogen-bonding network (Table 2) in the crystal structure clearly show that urea is present.
In conclusion, the structure shows that the reaction of DFO with amino acids is similar to that of ninhydrin, and leads to an analogous product. 13 135 measured reflections 3895 independent reflections Experimental DFO (0.515 g, 0.28mmol) and glycine (0.123 g, 1.6mmol) were dissolved in ethanol (20 ml) and acetic acid (10 ml) and were heated to 343-348 K with constant stirring for 1 h. The dark-red solution was allowed to cool to room temperature, and then solid NH4PF6 (0.25 g, 1.5 retool) was added with stirring to give a dark red-brown precipitate. The suspension was cooled in an ice bath for 15 min, then the precipitate was filtered and washed with ice-water. The crude product (0.336 g) was dissolved in acetonitrile (80 ml) and water (30 ml), and the solution was left to evaporate. The fine needles obtained were washed with 2-propanol and diethyl ether and dried under vacuum. A small amount of this crystallized product (ca 10 rag) was added to acetone (10 ml) and acetonitrile (10m l). ZnC12.4H20 (ca 2 mg) was added and the solution was sonicated and then filtered into a clean dry flask. The solution was left to evaporate and after one week, crystals suitable for X-ray crystallographic analysis had formed. The H atoms of the coordinated water molecule were located from difference maps and allowed to refine. The H atoms of the NH2 groups were also located from difference maps, but free refinement proved unstable so these atoms were fixed geometrically. The remaining H atoms were placed geometrically and refined with a riding model. All H-atom displacement parameters were constrained to be 1.2Ueq of the carrier atom. The final electron-density difference map contains peaks of approximately +1 e ,~-3 all of which are located within 1 A of the Zn atom.
Crystal data
Data collection: SMART (Siemens, 1995) . Cell refinement: SMART. Data reduction: SAINT (Siemens, 1995) . Program(s) used to solve structure: SHELXS86 (Sheldrick, 1990) . Program(s) used to refine structure: SHELXL97 (Sheldrick, 1997) . Molecular graphics: SHELXTL (Siemens, 1994) . Software used to prepare material for publication: SHELXL97.
Supplementary data for this paper are available from the IUCr electronic archives (Reference: TA 1244). Services for accessing these data are described at the back of the journal.
